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Effect of receptor blocking drugs on the depletion
of brain glycogen by amphetamine
D. A. HUTCHINS* AND K. J. ROGERS
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Summary

1. Amphetamine sulphate (5 mg/kg), administered intraperitoneally, reduces
the concentration of glycogen in the mouse brain by 25-30% after 30 minutes.
2. The effect of several receptor blocking drugs on the amphetamine-induced
cerebral glycogenolysis was studied.
3. DL-Propranolol (0-25 mg/kg) and pronethalol (10 mg/kg) antagonized the
depletion of brain glycogen by amphetamine.
4. Phentolamine, methysergide, atropine and mepyramine failed to antagonize
the amphetamine-induced glycogenolysis.
5. D-Propranolol, chlorpromazine and phenoxybenzamine antagonized the
glycogenolytic effect of amphetamine only when administered in sedative doses.
6. It is concluded that amphetamine-induced glycogenolysis in the mouse brain
may be mediated through a /3-adrenoceptor.

Introduction

The metabolism of glycogen in peripheral tissues is controlled, at least in part, by
the action of catecholamines on the adenyl cyclase system (Sutherland & Rall, 1960).
As many of the enzymes and cofactors associated with glycogen metabolism occur
in the brain it is reasonable to assume a degree of similarity in the metabolism of
glycogen in both central and peripheral tissues. The catecholamines noradrenaline
and dopamine are believed to function as neurotransmitter substances in the central
nervous system (CNS), and since catecholamines in the circulation penetrate the
blood-brain barrier only with difficulty it is possible that a change in the concentra-
tion of cerebral glycogen may reflect an altered metabolic state of the catecholamines
in the CNS.

In a recent study, drugs from several pharmacological classes were investigated
for their in vivo effect on the concentration of glycogen in the mouse brain (Hutchins
& Rogers, 1970). Only amphetamine-like compounds and bemegride-induced con-
vulsions depleted brain glycogen. In view of the evidence that brain noradrenaline
is released by convulsions (Breitner, Picchioni & Chin, 1963; Maynert & Levi, 1964)
and by amphetamine (Glowinski & Axelrod, 1965; Smith, 1965) and since stimula-
tion of the CNS by other drugs did not result in glycogen depletion, it was sug-
gested that cerebral glycogenolysis might be stimulated by the release of intra-
neuronal catecholamines on to extracellular receptor sites, rather than by a general
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increase in the metabolic activity of the CNS (Hutchins & Rogers, 1970). This paper
describes experiments in which several drugs classified as receptor blocking agents
were examined for their ability to antagonize the glycogenolytic effect of
amphetamine in the mouse brain.

Methods

The experiments were performed on male albino mice weighing 20-30 g. The
animals were allowed free access to food and water before and during the experi-
ments and the environmental temperature was controlled at 20°-22° C.

Groups of four-five mice were injected subcutaneously with the receptor blocking
drug or distilled water 15 min before the administration of D-amphetamine (5 mg/
kg) by the intraperitoneal route. The animals were killed 45 min after the initial
injection. Control groups of mice were treated with the antagonist or with distilled
water.

In order to minimize the effect of circadian fluctuations in the concentration of
brain glycogen (Hutchins & Rogers, 1970), the experimental animals were killed
within 1 h of the control mice. Experiments were performed in the late evening.

Estimation of brain glycogen

The mice were killed by complete immersion in liquid nitrogen, and the brains
were chiselled out of the skull whilst deeply frozen. Each brain was weighed
rapidly before crushing on a stainless steel anvil cooled with liquid nitrogen (Stone,
1938). One mouse brain was used for each determination.

Cerebral glycogen was determined using a modification (Hutchins & Rogers,
1970) of the method of Le Baron (1955).

Locomotor activity

Spontaneous locomotor activity was recorded using an activity cage (Ugo Basile,
Milan) in which movement of the mice was measured by completion of electronic
circuits as the animals moved across the bars on the floor of the cage. Naive mice
were placed in the activity cage for 30 min before injection and the recording of
activity. The motor activity of at least thirty mice in groups of three animals was
determined for each drug treatment. The mice were injected as described above,
and motor activity was recorded for 120 min after the second injection.

Drugs

The drugs used were D-amphetamine sulphate, atropine sulphate, chlorpromazine
hydrochloride, mepyramine maleate, methysergide, phenoxybenzamine hydro-
chloride, phentolamine mesylate, pronethalol hydrochloride, DL-propranolol hydro-
chloride and D-propranolol hydrochloride.
The drugs were dissolved in distilled water and each drug was administered in a

volume of 1-0 ml/ 100 g body weight. Drug doses are given in terms of the salts
where these were used.
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FIG. 1. Effect of amphetamine sulphate (5 mg jkg) on the concentration of cerebral glycogen,
in mice pretreated with increasing doses of DL-propranolol hydrochloride. The drug dosage
regimen is described in Methods. Vertical bars indicate the S.E.M. Asterisks indicate a signifi-
cant difference from the control value (P<0.05).
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FIG. 2. Elfect of amphetamine on the locomotor activity of mice pretreated with DL-pro-
pranolol. The mice were injected with the substances shown in the key 15 min before amphet-
amine. The drug dosage regimen is described in Methods. Vertical lines indicate the S.E.M.
The S.E.M. of some groups has been omitted for clarity. Asterisks indicate a significant differ-
ence from the control value (P<O0O5).
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Results

DL-Propranolol

DL-Propranolol was a potent antagonist of amphetamine-induced glycogenolysis
(Fig. 1). Total inhibition of glycogenolysis was achieved at 0 25 mg/kg, a dose of
DL-propranolol which did not alter the glycogen concentration per se and did not
inhibit the locomotor activity of control mice or the increased activity of mice
treated with amphetamine (Fig. 2).

D-Propranolol

The dextro isomer of propranolol was 80 times less potent than the racemate in
its inhibitory effect on amphetamine-induced glycogenolysis. Doses of D-proprano-
lol (5 and 20 mg/kg) caused sedation and increased the concentration of brain
glycogen (Fig. 3). The higher dose antagonized the glycogenolytic action of
amphetamine.
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FIG. 3. Effect of amphetamine sulphate (5 mg/kg) on the concentration of cerebral glycogen,
in mice pretreated with increasing doses of D-propranolol hydrochloride. The drug dosage
regimen is described in Methods. Vertical bars indicate the S.E.M. Asterisks indicate a
significant difference from the control value (P<0c05).
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Pronethalol

The /3-adrenoceptor blocking agent pronethalol, at the smallest doses administered
(0 25 and 10 mg/kg), stimulated glycogenolysis in the mouse brain (Fig. 4) and in-
creased locomotor activity. Potentiation of the amphetamine-induced glycogenolysis
was observed after these doses of pronethalol. The behaviour of the mice was un-
affected by pronethalol administered in doses of 2 5-10-0 mg/kg, but the concentra-
tion of cerebral glycogen increased with logarithmic increase in dose. Total inhibi-
tion of amphetamine-induced glycogenolysis was achieved after a dose of pronethalol
(10-0 mg/kg).

Phentolamine

Except for some ptosis and slight depression of locomotor activity at doses
greater than 40 mg/kg, phentolamine had little effect on the behaviour of the mice.
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FIG. 4. Effect of amphetamine sulphate (5 mg/kg) on the concentration of cerebral glycogen,
in mice pretreated with increasing doses of pronethalol hydrochloride. The drug dosage
regimen is described in Methods. Vertical bars indicate the S.E.M. Asterisks indicate a signi-
ficant difference from the control value (P<005).
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A significant decrease in cerebral glycogen content (P<0 05) occurred after the injec-
tion of 40 mg/kg and 160 mg/kg of this drug (Fig. 5). Phentolamine appeared to
cause no major modification of the behavioural excitation induced by amphetamine,
and unlike the 8-adrenoceptor blocking drugs, increasing doses of phentolamine did
not antagonize the glycogenolytic effect of amphetamine.

Methysergide

Methysergide is a specific antagonist at 5-hydroxytryptamine receptors. Methy-
sergide (less than 10 mg/kg) caused an initial depression of locomotor activity last-
ing approximately 10 min, after which time the behaviour of the drug-injected mice
was indistinguishable from that of mice treated with distilled water. The glycogen
content of the mouse brain was not altered significantly by methysergide and this
drug failed to antagonize the depletion of brain glycogen caused by amphetamine
(Fig. 6).

Phenoxybenzamine, chlorpromazine, atropine and mepyramine

Only sedative doses of the a-adrenoceptor blocking agent phenoxybenzamine (50
mg/kg) and chlorpromazine (5 mg/kg) antagonized amphetamine-induced glyco-
genolysis (Fig. 7). Non-sedative doses of these drugs failed to inhibit the depletion
of glycogen by amphetamine. Atropine, a muscarinic receptor blocking drug and

Dose of phentolamine (mg/kg)
10 20 40 80 160

45

40

E
35

0
0

c -

030/qAmphetamine
00 0

m 25
Mean concentration (+S& E M. - - -
of brain glycogen in control mice
treated for 30 min with water (upper)
or amphetamine (lower)

20 o o Concentration of cerebral
glycogen of mice injected
with phentolamine mesylate

A-- Concentration of cerebral
glycogen of mice treated
with amphetamine in the
presence of phentolamine mesylate

FIG. 5. Effect of amphetamine sulphate (5 mg/kg) on the concentration of cerebral glycogen,
in mice pretreated with increasing doses of phentolamine mesylate. The drug dosage regimen
is described in Methods. Vertical bars indicate S.E.M. Asterisks indicate a significant differ-
ence from the control value (P<005).
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mepyramine, an antihistamine did not antagonize amphetamine-induced glycogeno-
lysis.

Discussion

Catecholamines stimulate glycogen breakdown in peripheral tissues, through
activation of the adenyl cyclase system. However, considerable tissue and species
variation is shown with respect to the adrenoceptor mediating this glycogenolytic
effect of the catecholamines. Whereas glycogenolysis in the liver of the cat (Ellis &
Eusebi, 1965) and dog (Mayer, Moran & Fain, 1961; Murad, Chi, Rall & Suther-
land, 1962) appear to be mediated by the B-adrenoceptor, this response may be
subserved by the a-adrenoceptor in man (Antonis, Clark, Hodge, Molony & Pilking-
ton, 1967) and rat (Fleming & Kenny, 1964; Adnitt, 1969).

This investigation has shown that the 83-adrenoceptor blocking drugs, DL-pro-
pranolol and pronethalol antagonized the depletion of brain glycogen by amphet-
amine at doses of the antagonist drugs that did not affect behaviour. Pronethalol
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FIG. 6. Effect of amphetamine sulphate (5 mg/kg) on the concentration of cerebral glycogen,
in mice pretreated with increasing doses of methysergide. The drug dosage regimen is des-
cribed in Methods. Vertical bars indicate the S.E.M. Asterisks indicate a significant difference
from the control value (P<O05).
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was approximately one-fortieth as active as DL-propranolol. Pronethalol has a low
level of /3-adrenoceptor agonist activity (Goodman & Gilman, 1965), and in this
context the depletion of brain glycogen caused by low doses of pronethalol is con-
sistent with 83-adrenoceptor stimulation. With increasing doses, the /3-adrenoceptor
blocking activity eventually overrides the sympathomimetic effect, and at still higher
doses the glycogenolysis caused by amphetamine is inhibited.
The results showing that racemic propranolol blocks amphetamine-induced glyco-

genolysis, supports and extends the observations of Estler & Ammon (1967), who
found that a single dose of propranolol, which by itself increased brain glycogen,
inhibited the reduction in glycogen caused by methamphetamine. It is unlikely
that the low dose of DL-propranolol (025 mg/kg), used in the present study to
antagonize the effect of amphetamine on brain glycogen (Fig. 1), exerted a central
depressant action, as spontaneous locomotor activity and amphetamine-induced
stimulation of activity were not influenced by this dose of DL-propranolol. In
order to exclude membrane stabilization as a possible mechanism of the inhibitory
action of DL-propranolol on amphetamine-induced glycogenolysis, the effect of
D-propranolol was investigated. The dextro isomer of propranolol has membrane
stabilizing activity but is virtually devoid of /3-adrenoceptor blocking properties
(Howe & Shanks, 1966; Barett & Cullum, 1968). D-Propranolol was 80 times less
active than the racemate in blocking the glycogenolytic action of amphetamine. A
similar ratio of activities of the two isomers on the cardiovascular system was ob-
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FIG. 7. Effect of amphetamine sulphate (5 mg/kg) on the concentration of cerebral glycogen
in mice pretreated with various receptor blocking drugs. The. drug dosage regimen is described
in Methiods. Drugs used: distilled water (dist. water); phenoxybenzamine hydrochloride, 10
mg/kg (PBZ, 10) and 50 mg/kg (PBZ, 50); chlorpromazine hydrochloride, 1 mg/kg (CPZ, 1)
and 5 mg/kg (CPZ, 5); atropine sulphate, 50 mg/kg (Atrop, 50)A and mepyramine maleate
50 mg/kg (Mepyr, 50). Vertical bars indicate the S.E.m. Asterisks indicate a significant differ-
ence from the control value (P<0-05).
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served by Barrett (1969). It is concluded that the antagonism of amphetamine-
induced glycogenolysis by racemic propranolol (0-25 mg/kg) is due to specific
blockade of 3-adrenoceptors and is not a result of membrane stabilization.

Phenoxybenzamine antagonized amphetamine-induced glycogenolysis only at a
dose that caused sedation (50 mg/kg). High doses of phenoxybenzamine have
central depressant effects that are not related to the a-adrenoceptor blocking ability
of this drug (Goodman & Gilman, 1965). Thus the small increase in glycogen after
phenoxybenzamine (50 mg/kg) and inhibition of the stimulant effects of amphet-
amine on motor activity and glycogenolysis may be the result of a non-specific
central depression.

Neither the behavioural excitation nor the stimulation of glycogenolysis caused by
amphetamine were antagonized in mice by chlorpromazine (1 mg/kg). A higher
dose of chlorpromazine (5 mg/kg) which of itself caused behavioural sedation, in-
hibited the excitation and locomotor stimulant effect of amphetamine and antagonized
the depletion of glycogen. Neuroleptic drugs such as chlorpromazine and haloperi-
dol block central dopamine receptors (Carlsson & Lindqvist, 1963; Nyback &
Sedvall, 1968), and a-adrenoceptors in peripheral tissues (Holzbauer & Vogt, 1954;
Moran & Butler, 1956) and in the CNS (Dell, 1960; Ilyutchenok, 1968). If the
glycogenolytic effect of amphetamine is mediated by the stimulation of dopamine
or a-adrenoceptors, then the block of these receptors by chlorpromazine may be
responsible for the antagonism of the pharmacological effects exerted by amphet-
amine. However, the pharmacological action of chlorpromazine is far from being
limited to the blocking of dopamine receptors or adrenoceptors. Chlorpromazine
also has antiacetylcholine, antihistamine and anti-5-hydroxytryptamine properties,
but since atropine mepyramine and methysergide failed to antagonize amphetamine-
induced glycogenolysis it would appear unlikely that these receptor blocking actions
of chlorpromazine contribute to the inhibition of the amphetamine effects.
Amphetamine exerts a complex action on catecholamine containing neurones

(see Schildkraut & Kety, 1967). It releases cerebral catecholamines and also in-
hibits their reuptake into central neurones. Amphetamine may exert also a direct
action on adrenoceptors in the brain. It is possible, therefore, that the depletion
of brain glycogen by amphetamine may be mediated by a direct action at central
adrenoceptors or by an indirect action resulting from an increase in the concentra-
tion of extraneuronal transmitter. These studies with various receptor blocking
drugs suggest that amphetamine-induced glycogenolysis in mouse brain is mediated
through the 3-adrenoceptor.
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